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JocizKeHHS JUHAMIYHOI HABAHTAKEHOCTI HeCy40i KOHCTPYKIIII MiBBaroHa
3 NPYKHO-B’A3KMM HANIOBHIOBa4YeM y XpeOToBiil 0auui

Mera. Y po6oTi nepenbadeHo JOCTIIUTH THHAMIYHY HaBaHTa)KEHICTh HECYY0i KOHCTPYKIIi MiBBaroHa 3 mpyx-
HO-B’I3KMM HAIOBHIOBa4YeM y XpeOTOBIM Oaimi IUIIXOM MaTeMaTHYHOTO MOJENOBaHHA. Meroamka. 3xilicHeHO
MaTeMAaTHUYHE MOJCIIOBAHHS TUHAMIYHOI HABAHTA)XKEHOCTI HECY4oi KOHCTPYKIlT MTiBBAaroHa i3 3aMKHEHOIO XpeOTo-
BOIO 0aJKOI0, 3aIIOBHEHOIO HAIIOBHIOBAUEM i3 MPYKHO-B’SI3KUMH BIACTHUBOCTSAMH. J[0 yBaru B3sTO BHUIAIOK HalOi-
JBIIOTO HaBaHTa)KEHHsI HECYuoi KOHCTPYKIIi IiBBaroHa B eKCILTyaTallii — MaHeBpOBE CIIBYJIApsIHHS 3 ypaxXyBaHHIM
nii Ha 3a/iHIHM yrop aBTO34eny HaBaHTaxeHHs y 3,5 MH. /lns Bu3HaueHHs JUHAMIYHOT HABaHTa)KEHOCTI MiBBaroHa
BUKOPHCTaHO MaTeMaTUuHy Mojenb, chopmoBany npod. I'. I. boromazoM. ¥ pamkax 1pOro IOCHIIPKEHHS MOJEINb
JIOOTIPAIbOBAHO HIJISIXOM aaanTaiii ii JO BU3HAUeHHs IUHAMIYHOI HABAaHTa)KEHOCTI MiBBaroHa. Y Hiil BpaxoBaHO
CHJIH TEPTS, SIKi BHHUKAIOTh MK I’ ITHUKAMH Ky30Ba Ta ITiAI ITHUKAMH Bi3KiB, @ TAKOXX BIIACTHBOCTI €HEPTrOMOTIIH-
HaJIEHOTO Matepiany. Po3B’s130k MaTeMaTHYHOI MOZETi 3MiHCHEHO B porpaMHoMy komrutekci MathCad. [pn mpo-
My audepeHIianbHi piBHIHHS PyXy 3BEJeHO 10 HOopMalbHOI popmu Ko, a moTiM iHTErpoBaHO 3a MeToIoM PyH-
re—Kyrra. [TouaTKkoBi nepeMilieHHs! Ta MBUAKOCTI BPaXOBaHO PIBHUMHU Hymo. Po3paxyHOK 31ificHEHO Ha NpHKIIai
yHiBepcapHOTO miBBaroHa Moxenm 12—757 BupoOrunTBa [TAT «KprokiBchkuil BaroHOOymiBHHN 3aBom» (M. Kpe-
MeH4YyK) Ha TunoBux Bizkax 18—100. Pesyabrarn. OTprMaHO NPUCKOPEHHS SIK CKJIAJO0Bi AWHAMIYHOTO HAaBaHTa-
JKCHHS, sIK1 JIFOTh HA MiBBArOH i3 3aMKHEHOI0 KOHCTPYKIIIEH0 XpeOTOBOT Oasky, 3aTOBHEHOT HAMIOBHIOBAYEM i3 Mpy-
YKHO-B’SI3KUMHU BJIACTUBOCTSMHU. BCTaHOBIIEHO, 110 3a KOPCTKOCTI Marepiaiy, sSIKUM 3alloBHEHa XxpeOToBa Oasika,
82 kH/m, a Takox koediuieHTa B’s13koro ornopy 120 kH-c/M MakcuManbHi IPUCKOPEHHS HECY40T KOHCTPYKIIiT MiBBa-
rosa cknazanTs 6nussko 37 m/c? (0,37 g). HaykoBa HOBH3HA. 3alIpONOHOBAHO MAaTEMATUYHY MOJENb JUIS BU3HA-
YCHHS IWHAMIYHOI HABAHTA)KEHOCTI MiBBArOHA 13 3aMKHEHOI KOHCTPYKIIIEI0 XpeOTOBOI OaJIKH, 3alI0OBHEHOT HAIOB-
HIOBAa4YeM i3 MPYKHO-B’SI3KUMH BJIACTUBOCTAMH. MoseNb 103BOJIAE OTPUMATH IPUCKOPEHHS SIK CKJIAJO0BI JUHAMIY-
HOTO HaBaHTAXEHHs, AKi JII0Th Ha Hecydy KOHCTPYKIIIO IBBAaroHa, 3 ypaxyBaHHIM 3aXOiB IOAO BIJOCKOHAJICHHS
3a MaHEeBpOBOro cmiBynapsHHsA. IIpakTHyHa 3Ha4YMMicTh. Pe3ynbraTw mpoBeAEHHX JOCIHIIKEHb CHPUATHMYTh
3MEHIIECHHIO MOMIKO/KEeHb HECYUNX KOHCTPYKIIH MiBBaroHiB B eKCIUTyarallii, CKOpDOUSHHIO BUTPAT Ha iX yTpUMaH-
Hsl, CTBOPEHHIO HaIlpalfoBaHb II0/10 MPOEKTYBaHHS IHHOBAiIHHUX KOHCTPYKII pyXOMOTo CKIIaay, a TaKoX HiJBH-
IICHHIO €)eKTHBHOCTI HOT'O SKCILTyaTallii.

Kniouosi cnosa. miBBaroH,; Hecyda KOHCTPYKIIisi; XpeOToBa Oaika; JUHAMIYHAa HABaHTAXXEHICTb; MAHEBPOBE
CHiByJapsSHHS
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Beryn

B yMoBax cyyacHOro po3BUTKY TPaHCIOPTHOI
rajnysi yTpUMaHHS JiAePCbKHX TO3UI BHMAarae
BiJI 3aJTI3HUII BBEJICHHS B €KCILTyaTaIllF0 PyXOMOTO
CKIIaay HOBOTO MOKomiHHA. Ha crazii KoHCTpyIO-
BaHHsI TAKOTO PYXOMOTO CKJaly Ba)KJIMBHM € BH-
KOPUCTaHHSI METOJIB ONTHUMAJILHOTO TPOEKTYBaH-
Hs, OOTPYHTYBaHHS Ta BIIPOBA/UKEHHS HOBHX IIPO-
TPECHBHUX MaTtepiaiiB, IHHOBAaLliHHUX PIlIEHb TO-
0.

VYxe TpuBaNMid 4ac HaWOUTBII 3aTpeOyBaHUM
THATIOM BaHTAKHOTO BaroHa B €KCIUTyaTallii € IiB-
BaroH. Hecy4a KOHCTpyKIIisl [bOT'O BaroHa ckiaja-
€ThCS 3 paMH Ta Ky3oBa. [IpyyomMy OCHOBHI MO3710-
BXXHI HaBaHTaXEHHA B eKCIUTyaTamii crpuiiMae
xpebToBa Oanka Barona. Hal011b11 HABaHTaXKEHUM
pEeXUMOM ii ekcIulyartanii € MaHeBpOBE CIiBy/Aa-
psAHHSA BaroHiB. BapTo ckasaru, 1o BHACHTIJIOK TIe-
ploanYHOI /ii MOB3JOBXKHIX HAaBAaHTa)XKEHb HAa pamMy
MiBBaroHa, MiJBUIICHUX IIIBUIKOCTEH CIiBYAapsHb
B YMOBaX MaHEBPOBHX POOIT Ta iHIINX eKCILTyaTa-
HIHHUX PEeXUMIB MOXYTh MaTH MiCIle TaKi MOII-
KOJDKEHHS, SIK TpiluHU, nedopmaitii, 0OpuBH 3Ba-
prOBaJIbHUX MIBIB TOMIO (pHC. 1).

Taka oOcTaBrHa BHUKJIMKAE HEOOXITHICTh BUIY-
YCHHSI BarOHIB 3 1HBCHTApPHOIO MapkKy abo 3iiiic-
HEHHS TMO03aIJIaHOBUX BH[IB PEMOHTY, a OTXKe,
1 IOIATKOBHX BUTPAT Ha iX yTpUMaHHA. Y 3B’SI3KYy
3 IMM B@)XJIMBHUM € BJIOCKOHAJICHHS HECYYHX KOHC-
TPYKIiH MiBBaroHiB i3 METOI0 3MEHIIEHHS iX JH-
HaMiuyHOi HABaHTAXXEHOCTI 3a eKCIUTyaTaliliHuX
PEKUMIB.

ABTOpPH CTaTTi MPOBENW AHATITUYHUN OIJIS]
nmyOJiKaIii i3 nuTaHb 3a0€3MeUeHHS MIITHOCTI He-
Cy4YMX KOHCTPYKIIH BaroHiB 3a eKcIUTyaTaliiiHuX
PEKUMIB HABAaHTAXKEHb.

Y ny6mikanii [8] oOrpyHTOBaHO 3aCTOCYBaHHS
yHIBepcaJlbHOro npodimto s xpedToBoi Oaiku
BaroHa. Lleit npodins mae C-nonibny koHdirypa-
niro. HaBeneHo pe3ynbraTH po3paxyHKY Ha Mill-
HICTh, SKI MiATBEPIWINA JOLUIBHICTh 3alpPOIIOHO-
BaHMX pimeHsb. Ciif 3a3HAYUTH, 10 3aXO0JiB 1010
3MEHIICHHS JUHAMIYHOI HABAaHTAKEHOCTI paMu
HiBBaroHa Mpy IbOMY HE 3alIPOIIOHOBAHO.

BuzHaueHHIO MIITHOCTI paM¥ IIBUIKICHOTO Baro-
Ha-Tatgopmu npucBsueHa podota [1]. 3’sicoBano
THOJIST IUCIIOKAIliT MAKCUMAIBHNX €KBIBAJICHTHHUX Ha-
NpyXeHb Ta OCHOBHI MOKa3HMKH MILHOCTI paMu.

aa

Puc. 1. [TomkomKeHHS paMu IiBBaroHa:
a — TpilyHa B XpeOTOoBiit O6ami;
6 — BiIpUB IIBOPHEBOT OATKH

Fig. 1. Damage to the gondola car frame:
a — center sill crack; b — body bolster break

[IpoBeneHO MOPIBHAJIBHUN aHaANi3 MEXI BUTpUBA-
JIOCTI paMU 3a pe3yJbTaTaMH TEOPETHYHOTO PO3-
paxyHKy Ta CTEHJOBHUX BHUIpOOyBaHb. Paszom i3
UM TTUTaHHSIM 3MEHIICHHS HaBaHTAXXEHOCTI paMH
BaroHa-1uaTGpOpMH yBaru He MPHIIICHO.

AHaii3 TEOpPEeTHYHHX Ta EKCICPHUMEHTAIbHHX
JOCJTIDKEHb MIIHICHUX SKOCTEH C€JIEMEHTIB PyXo-
MOTO CKJIaJy Ha MpHUKIaAi XpeOToBoi Oajku BaH-
TaXHUX BaroHiB BUCBITJIEHO B poOori [7]. HaBene-
HUHA TPUKIAJ BUKOPHCTAHHA 3alpPOIIOHOBAHOTO
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MiIX0/Ty 3aCBiIYMB HOTO Mpare3aTHICTh Ta edek-
TUBHICTh, a TaKOX INPABWIBHICTH CIIPSIMYBaHHS
BiJIMOBITHUX HAYKOBO-IOCIIiTHUX POOIT.

VY my6mikarii [2] momaHo po3paxyHOK Ha Mill-
HICTBH Ky30Ba IiBBaroHa 3a HaMO1IbIIl HECTIPHUSATIH-
BUX EKCIUTyaTalliiHUX PEXHMiB HaBaHTa)KEHb Ta
3allpONOHOBAHO 3aXO0JU IIOA0 BIOCKOHAJICHHS HO-
T'0 HECYYOi KOHCTPYKIIi.

OpHak Taki 3aX0/M CHPSMOBaHI Ha MMOCHJICHHS
CKJIaJIOBUX HECYYHMX KOHCTPYKLIH BaroHiB, a He
3MEHIIEHHS X JMHAMIYHOI HaBaHTa)XKEHOCTI B €KC-
TTyaTarii.

OOrpyHTYBaHHS! BIOCKOHAJIEHHS HECY40i KOHC-
TPYKIUii MmiBBaroHa Jyisi 3a0e3MeYeHHs] MIITHOCTI Ta
HaJIMHOCTI HOTO eKcIuTyaTamii BHCBITIEHO B pO-
6orti [9]. I3 MeTOIO BHU3HAYEHHS MIIIHOCTI Ta BTOM-
HO1 TOBrOBIYHOCTI Ky30Ba IMiBBaroHa BUKOPHUCTAHO
METOJM MaTeMaTUYHOTO MOJICIIOBaHHS. Pe3ynbra-
TA MOJENIOBAHHS MITBEPIWIA JOUIIBHICTE 3a-
MPOTMIOHOBAHOTO BJIOCKOHAJICHHS. 3a3HAYMMO, IO
3aMpoIIOHOBaHI 3aX0/1 HE CIPUITUMYTh 3MEHIIICH-
HI0O JMHAMIYHOI HABaHTAKEHOCTI HECY4Oi KOHC-
TPYKIii MiBBaroHa B eKCILTyaTallii.

VY pobotax [10, 11] HaBeaeHO pe3yabTaTH BU-
3HAa4YeHHs] TUHAMIYHOI HaBaHTa)KEHOCTI IMiBBaroHa
3 HalOBHIOBa4eM y Hecydyill koHcTpykuii. Ocobnu-
BICTIO TIBBaroHa € Te, 10 CKJIaJI0BI HECYYOi KOHC-
TPYKIii BUTOTOBJICHI 3 TPyO Kpyrioro mepepisy.
Ilpr 1pOMY SIK HAMOBHIOBAY PO3MJISHYTO MiHOA-
JoMiHiHA. OJiHaK Taka Hecydya KOHCTPYKIIis BaroHa
XapaKTepU3YEThCs CKIQJHICTIO 3 TEXHOJIOTIYHOT
TOUYKH 30pY BUTOTOBJICHHS Ta €KCILTyaTallii.

a—a

Meta

OCHOBHOIO METOI0 CTaTTi € JOCHIHKCHHS TH-
HaMiuHOi HaBaHTAKEHOCTI HeCyuoi KOHCTPYKIl
MMBBaroHa 3 TMPYXHO-B’SI3KMM HAIIOBHIOBaYEM
y XpeOTOoBiii Oalli TUIIXOM MaTeMaTHIHOTO MOJe-
moBaHHA. JI7sl TOCSTHEHHS 3a3HA4Y€HOi METH BH-
3HAYEHO TaKi 3a/1a4i:

— CKJIACTH PO3PaXyHKOBY CXEMy HECYd0i KOHC-
TPYKLil iBBaroHa 3 Npy»HO-B’3KMM HallOBHIOBA-
4yeM y XpeOToBiii Oaiii 3a MaHEeBPOBOTO CIHiBYAa-
PSIHHS,

— BU3HAYMATH [WHAMIYHY HaBaHTaXEHICTh He-
Cy40i KOHCTPYKIIi MiBBaroxa.

MeTtoauka

Tunosa xpebToBa Oanka miBBaroHa CKIaJaacThb-
csl 3 IBOX Z-MoJiOHUX MPOo(ifiB, MEPEKPUTHX ABO-
taBpoM (puc. 2, a). Jlasg MoOJinIIeHHs MIHOCTI
XpeOTOBO1 Oallku Ta 3MEHIIIEHHST BUTPAT Ha T03all-
JIAHOB1 BUIM PEMOHTIB TiBBarOHIB 3alIPOIIOHOBAHO
BUKOpPHUCTaHHs MPOQiiiB, SKi YTBOPIOIOTH 3aMKHe-
HUH mepepi3 XpeOToBo1 OamKku, 3alTOBHEHUN €Hep-
TONOMIMHATIBHAM MaTepiajioM Yy MPY:KHO-B’ I3KUMH
BJIACTHUBOCTSIMU. 3BEpXy Ha XpeOTOBid Oamii po3-
MilIy€eThCst TBOTaBp (puc. 2, 6).

Juis oOTpyHTYBaHHS BUKOPHUCTaHHS XpeOTOBOI
0anKu 3amponoHOBaHOI KOHCTPYKII MPOBEACHO
MaTeMaTHYHE MOJICIIOBAaHHSA JWHAMIYHOI HaBaH-
TaXeHOCTI miBBaroHa. [lo yBarm B3STO BHIAIOK
MO3/I0BKHBOI HABAHTAXKEHOCTI HECY4Oi KOHCTPYK-
1ii mBBaroHa 3a MaHeBPOBOI'O CIiByaapsiHHs. Po3-
paxyHKOBa cxeMa IiBBaroHa HaBeJeHa Ha PUC. 3.

6-b

Puc. 2. Ilepepi3 xpeOTOBOI Oanky miBBaroHa:
a — THIIOBA KOHCTPYKIIis; 6 — YZIOCKOHAJICHA KOHCTPYKIIist

Fig. 2. Cross section of the center sill of the gondola car:
a — typical design; b — improved design
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Puc. 3. PozpaxyHkoBa cxeMa ImiBBaroHa

Fig. 3. Gondola car calculation scheme

Jlyis BU3HAUYCHHS NUHAMIYHOT HABAaHTAXXCHOCTI  BAHTAKEHOCTI IMiBBaroHa. Y Hil BpPaxOBaHO CHJIH
MiBBaroHa BHKOPHCTAHO MAaTeMaTHYHYy MOJeNb, TEpTs, SKi BUHUKAIOTh MK I’ITHUKaMH Ky30Ba Ta
chopmoBany mpod. I'. I. boromazom. Y pamkax miAm sTHUKAMHU Bi3KiB, a TaKOX BIIACTHBOCTI €HE-
BOTO JTOCTIKEHHSI MOJIENb IOONPAIbOBAHO LIUIs-  TOMOTIMHAILHOTO MaTepiaiy.

XOM ajanTalrii 1i 70 BU3HAYEHHS AMHAMIYHOI Ha-

Mg, -¥+(My-h)-$=FB,—2P, —B-x—c-x; 1)
- §+(My -h)-jc'—g-(p-(MB~h)=Z-FTP(signA1 —signA2)+l(k1 A~k A); (2)
Mg 2=k A +k, - A, = Fpp (signA, —signA, ), ®3)

ne Ay =z—-1-¢; A,=z+1-¢9, Ms, — Maca GpyTTO
BaroHa; Mp — Maca HeCcy4oi KOHCTpPYKIIii BaroHa; /s PesyabTaTn

— MOMEHT iHepIii Baroa; Pu — BETUMHHA T03/710B- Po3paxyHOK IPOBEEHO JUIsl MiBBaroHa MOJE
KHBOT CUJIM Ha 3a/IHIA YIIOp aBTo3Yeny; Pr, — CUIM 12757 Ha Bi3kax 18—100. 3HaYCHHS TO310BKHBOT
TEpTsl, K BUHMKAIOTh MDK IT'SITHUKAMH paMH Ta CHIH, KA i€ Ha 3ajHi YIOpH aBTO3YEMNy, Y3STO
i’ STHAKaMU Bi3KiB; ¢ — dKOPCTKICTh MaTepiany, pisHoto 3,5 MH [3, 4]. Bximuumu napamerpamu
SIKMM 3aIlOBHEHA XpeOToBa Oaika; B — KOCQILIEHT  varemMaTHUHOI MOZIEN € TEXHiUHi XapaKTEPHCTHKH
B’SI3KOT0 OTOPY MaTepiaily, SKMM 3all0OBHEHA XpeO-  piggaroua, Bi3KiB, cuia VIapy B ABTO3UEIL, 3 TAKOK
ToBa Oanka; | — monouna 6asu Barona; Frp — ab-  pracTHBOCTI  eHEpromorNMHAIBHOrO —Matepiany.
COIIIOTHE 3HAYECHHsA CHMJIM CyXOro TEPTA Yy PECOP-  BpaxoBaHO, IO XKOPCTKICTh Marepiaiy, sSKHM 3a-
HOMY KOMIUIEKTI; Ki, K2 — KOPCTKICTh TIPY’KUH P€-  nopHeHa xpebroBa Oaska, cknanae 82 kH/wm, a ko-

COPHOTO Mi/BIUIyBaHHA Bi3KiB BaroHa; X, ®, Z —  edimient B’s3xoro onopy — 120 kH - ¢/m.
KOOP/IMHATH, 110 Bi/NOBIIAK0Th, BiAINOBIIHO, MO3- Po3B’s130k qudepenianbaux pisHsaHb (1) — (3)
JIOBIKHBOMY, KyTOBOMY HAaBKOJIO IOIEPEYHOI OCl  3iiiicHeHo 3a MeTomoMm Pynre—Kyrra B mporpam-
Ta BEPTHKAILHOMY IICPEMIIIECHHIO BaroHa. HoMmy Komiuiekci MathCad [5, 6] y Burmsiai:
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Pn_(Pn _ZPTp _B'yZ _c'yl)_(MB h)y4

Y,
Y4
Ys

F(t,y)=

|- Frp (SignA, —signA, )+ 1(k, A =Ky - A, )= (My - h)- oy + g+ yy - (My - h)

M (4)

Gp 1

K -A 4K, A, =

s

Frp (SignA, —signA, )

Z =rkfixed(Y O, tn, tk, n, F).

Ilpy mpomy Y1 = X; Y3 = @; Ys =2Z; Y2 = Y1;
Ya=Y'3 Y6 = Y's.

[TogaTkoBi yMOBH B35TO PIBHUMH HYITIO:

My

YO=

O O O O O o

Y3arajibHeHI MPUCKOPEHHS 00YUCICHO B MaCH-

Bi ddqj,i .

Pl'[_(PH_ZPTp _B‘J’2_C‘Y1)_(MB‘h)‘)>4

ddqjyz =

ddg., = , 5

q;, M, ®)

|- Frp (signA, —signA, )+ 1(k, - A, =k, - Ay )= (My - h)- 3, + g+ y3-(My - ) ©
g ’

ddg, - K- Ay + Ky - Ay = Frp (signa, —signAz). -

Pesynbprati po3paxyHKy J03BOJIHIN OTPHUMATH
MIPUCKOPEHHS, SIKi JTIFOTh HA paMy IiBBaroHa i3 3a-
MKHEHOI0  KOHCTPYKIi€l0  XpeOToBoi  Oaiku

(puc. 4).

My

[lpu mpomMy MakcumaibHa BETHMYHMHA TPHUCKO-
penHs cknana 6imsbko 37 m/c’. OTpumana Besu-
YMHA NPUCKOPEHHS Ha 4 % HIKYa 3a IPUCKOPEH-
Hsl, SIKE JII€ Ha MiBBAarOH 13 THUIIOBOIO KOHCTPYKIII€I0
XpeOToBOT OanKu.
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TOHA, 3 ypaxyBaHHSIM 3aXOJ[iB I0JI0 BIOCKOHAJIEH-
HSI 32 MAHEBPOBOTO CITiBYIAPSIHHSL.

PesynpTatn mpoBeneHHX AOCHIIKEHb CIPHS-
THUMYTh 3MEHIICHHIO MOIIKOKEHb HECYYNX KOHC-
TPYKILIHA MiBBAaroHIB B €KCIUTyaTaii, CKOPOYECHHIO
BUTpAT Ha iX yTpUMaHHS, CTBOPEHHIO HaIlpallio-
BaHb II0/I0 POEKTYBAaHHS iHHOBALIHHUX KOHCTPY-
KIII pyXOMOTO CKJaay, a TaKOoX IiABUIIEHHIO
e(eKTHBHOCTI HOT0 eKcIuTyaTarii.
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1. CxiajieHO pO3paxyHKOBY CXeMy HeCydoi
KOHCTPYKIIii TIIBBaroHa 3 MPY>KHO-B’SI3KUM HaIOB-
HIOBaueM Yy XpeOToBiii Oaimi 3a MaHEBPOBOTO
cniByaapsiHHs. Jlo yBaru B3ATO IUIOCKY CHUCTEMY
KoOpJuHaT. BpaxoBaHO, IIO MiBBaroH Mae TpH
cTyneHi BimbHOCTI. [lim 9ac ckiagaHHs po3paxyH-
KOBOi CXEMH TaKOX BpaxoBaHO CHIM TEpTs, SKi
BUHHMKAIOTh ~ MDK  II'SITHUKaMH  Ky30Ba  Ta
i’ ITHAKaMA  Bi3KiB, 1 BJIACTUBOCTI €HEproIio-
JIMHAIBHOTO MaTepiaiy.

2. Bu3HaueHO MUHAMIYHYy HaBaHTaXEHICTH He-
cy4oi KOHCTPYKIIii IiBBaroHa. Bpaxosano, 1o xo-
PCTKICTh Martepiany, sSKMM 3allOBHEHa XpeOToBa
Oanka, ckimagae 82 kH/M, a xoedillieHT B’S3KOr0
omopy — 120 kH - c/m.

MakcuMaibHa BeJTMYMHA PUCKOPSHHS, SKE JIiE
Ha Hecy4yy KOHCTPYKIIIO MiBBaroHa, ckjana OJu-
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Puc. 4. [IpuckopeHHs, sKi TIFOTh Y HEHTPi Mac Hecyqol
KOHCTPYKIIIi iBBaroHa

Fig. 4. Accelerations acting in the mass center of the
supporting structure of the gondola car

HaykoBa HOBU3HA Ta IPAKTUYHA
3HAYHMICTh

3anponoHOBaHO MaTeMAaTHYHY MOJENb JUIsl BU-
3HAYEHHS JUHAMIYHOI HABAHTAXXEHOCTI IMIBBAaroHa
13 3aMKHEHOI0 KOHCTPYKII€I0 XpeOTOBOI Oaikwy,
3alOBHEHOI HAMOBHIOBAYEM 13 MPYKHO-B’SI3KUMH

BJIACTHBOCTSIMH. Mojieib JI03BOJISE  OTPUMATH
MPUCKOPEHHSI SIK CKJIAZI0BI JIMHAMIYHOTO HaBaHTa-

3pk0 37 Mm/c’. OTpuMaHa BEIMYMHA TIPUCKOPEHHS
Ha 4 % HWXKYa 3a NIPUCKOPEHHS, SIKE i€ Ha IiBBa-
T'OH 13 TUTIOBOIO KOHCTPYKIIIEIO XPeOTOBOT OaKH.

JKEHHSI, SKi JIFOTh Ha HECY4y KOHCTPYKIIIO ITiBBa-
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Dynamic Loading Research of the Gondola Car Supporting Structure with an
Elastic-Viscous Filler in a Center Sill

Purpose. The work aims to investigate dynamic loading of the supporting structure of a gondola car with an
elastic-viscous filler in the center sill by means of mathematical modeling. Methodology. Mathematical modeling of
the dynamic loading of the supporting structure of a gondola car with a closed center sill filled with a filler with
elastic-viscous properties has been carried out. The case of the highest load on the supporting structure of the gondo-
la car in operation is taken into account — a shunting collision, taking into account the action of a load of 3.5 MN on
the rear stop of the automatic coupler. To determine the dynamic loading of a gondola car, a mathematical model
formed by prof. G. I. Bohomaz was used. However, within the framework of this study, the model was refined by
adapting it to the determination of the dynamic loading of a gondola car. It also takes into account the friction forces
arising between the center plates of the body and the center pivots of the bogies, as well as the properties of the en-
ergy-absorbing material. The solution of the mathematical model was carried out in the MathCad software package.
In this case, the differential equations of motion were reduced to the Cauchy normal form, and then integrated using
the Runge-Kutta method. Initial displacements and speeds are taken equal to zero. The calculation was carried out
on the example of a universal gondola car model 12-757 built by Kriukivskyi Carriage Works PJSC (Kremenchug)
on standard bogies 18-100. Findings. Accelerations are obtained as components of a dynamic load acting on a gon-
dola car with a closed center sill structure filled with an elastic-viscous filler. It was found that with the stiffness of
the center sill filler of 82 kN/m, as well as the viscous resistance coefficient of -120 kN-s/m, the maximum accelera-
tions of the gondola car supporting structure is about 37 m/s? (0.37g). Originality. A mathematical model is pro-
posed for determining the dynamic loading of a gondola car with a closed structure of a center sill filled with an
elastic-viscous filler. The model makes it possible to obtain accelerations as the components of the dynamic loading
acting on the supporting structure of the gondola car, taking into account the improvement measures during a shunt-
ing collision. Practical value. The results of the research will help to reduce the damage to the supporting structures
of gondola cars in operation, reduce the cost of their maintenance, create developments in the design of innovative
structures of rolling stock, as well as increase the efficiency of its operation.

Keywords: gondola car; supporting structure; center sill; dynamic loading; shunting impact
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